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In the previous communication (1)  a  local  skin reactivity  to  B. 
typhosus culture filtrates was described.  The reactivity was induced 
by injection of the filtrate into the skin.  If 24 hours later an intra- 
venous injection of the same filtrate was  given to  the rabbit,  there 
appeared an extremely severe hemorrhagic necrosis at the site of the 
previous injection.  The mechanism is not fully  understood as  yet 
since no complete experimental comparison has been made  between 
this phenomenon and the manifestations of bacterial allergy.  There 
were  found,  however,  certain  features  which,  considered  together, 
distinguish this phenomenon from the known phenomena of bacterial 
hypersusceptibility  and  from  the  Arthus  phenomenon.  These 
features are:  the local reactivity; the short incubation period neces- 
sary for local preparation of the skin; the short duration of the state of 
reactivity; the ability to induce the reactivity by a  single injection; 
and the necessity to make the second injection of the toxic agent by 
the intravenous route. 
The present paper deals with the relation of the specific antisera to 
the  skin-preparatory  factors  of  the  phenomenon above  described. 
There was a  double purpose in these studies, first, to elucidate  the 
mechanism of the phenomenon, and secondly, to determine whether 
specific sera neutralized the preparatory factors, and if so, whether 
this could be advantageously applied to titration of the neutralizing 
* A preliminary report of this work  was presented before  the Society  of American 
Bacteriologists, Richmond, Virginia, December, 1928. 
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properties  of the sera.  In pursuance of this plan the effect of homol- 
ogous, normal and heterologous sera was studied. 
Methods. 
Preparation of Immune Antlsera.--Most sera were prepared by the injection of 
toxic  culture filtrates.  Since  a  considerable  number of the  rabbits  died  from 
intensive immunization with these untreated filtrates, some animals were injected 
at  the beginning of the immunization with  autoclaved filtrates  and later with 
filtrates heated in the Arnold steam sterilizer as also with filtrates heated at 60  ° 
for 1-2 hours, and finally with potent toxic filtrates.  Some animals received injec- 
tions of whole bacteria, first heated to 60  ° for 2 hours, then live bacteria. 
Most of the injections  were made intravenously,  but  in some instances  the 
subcutaneous route was employed.  They were usually made every week for 3 or 
4 successive days for a period of 6--7 weeks.  The final bleedings were made about 
10 days after the last injection or earlier if the animals appeared sick. 
Heterologous sera were similarly prepared.  B. typhosus, Para A  and B, and 
Shiga bacillus sera employed in some experiments, were prepared in  the New York 
Board of Health  Laboratories by immunization  of horses.  Other animals em- 
ployed in this work for immunization purposes were goats and rabbits. 
Technique of the Neutralization Experiments  .--The toxic filtrates were mixed with 
sera in the desired proportions and the mixtures were incubated in the water bath 
at  37  °  for  1 hour.  Precipitations  were  always  recorded.  Immediately before 
injection the tubes were shaken and the fluid together with  the precipitate  was 
used for injections.  The skin of the abdomen of rabbits was prepared, as described 
in the first paper of this series  (1),  and the mixture injected into various areas, 
usually the lower  right  and upper and lower left areas of the shaven skin of the 
abdomen.  The upper right area of the skin of the abdomen of each rabbit was 
injected with the toxic filtrate alone, previously diluted with 0.9 per cent sodium 
chloride solution and kept in the water bath at 37 ° for 1 hour.  Sometimes the 
order of the injections was changed.  24 hours afterwards, the B. lyphosus culture 
filtrate  was injected intravenously and readings of the reactions were made 4-5 
hours after the intravenous injections.  It may be stated here  that the specific 
sera had no obvious neutralizing effect upon the erythema frequently produced 
by the skin injections alone.  Data on this point are, therefore, omitted from the 
experimental part of this paper. 
EXPERIMENTAL. 
A.  Effect  of Immune  Sera  upon  the  Factors Determining  Local  Skin 
Reactivity. 
About 16 per cent of rabbits in this series gave no reaction and are 
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neutralization  experiments  performed  according  to  the  technique 
described  above.  Reports  on  the  rabbits  that  died  earlier  than  3 
hours after the intravenous injection are also omitted for purposes of 
clarity. 
The doses of B.  typkosus  culture filtrates used for the skin and in- 
travenous injections were kept approximately constant. I  Since some 
of the rabbits showed from time to time positive reactions elicited by 
neutralized mixtures,  it was necessary to  employ several rabbits for 
each serum  tested.  M~reover, since  high  concentrations  of  serum 
TABLE  I, 
Neutralization of B. typkosus Skin-Preparatory Factors by Immune Sera. 
Sere tltrated 
No. 446 
No. 90 
No. 59 
ryphoid  horse 
serum 
No. 78 
No. 165.  Goat 
typhoid serum 
Total 
number 
of rabbits 
13 
I0 
10 
9 
10 
10 
Number showing  neutralization  with the sere; 
mad  dilutions  of the latter 
1:2000  i:200 
6  4 
3  3 
2  4 
--  6 
--  4 
I:I00  1:20  1:2 
1 
1  1 
1 
2  1 
3  3 
Number 
showins no 
neutrafiza- 
tion 
Sera 446, 90,  59,  78 and  Goat  165 were  prepared by immunization with B. 
typkosus  culture filtrates.  Typhoid horse serum  obtained from the New York 
Board of Health was prepared by immunization with dead and live B. typkos~s. 
In all of these rabbits there was a positive reaction in the control areas. 
occasionally failed to  neutralize (prozone?), whereas higher dilutions 
of the  same  serum  and  in  the  same  rabbit  gave complete  neutral- 
ization the use of several dilutions of serum was necessitated. 
The results can be summarized as follows: 
There  are  two  types  of  response  to  the  injection  of mixtures  of 
specific sera with the  skin-preparatory  factors,  as  demonstrated  by 
1 The B. typhosus culture filtrate (see page 600 for preparation) was diluted 1:2 
for skin injection.  0.25 cc. of filtrate in this dilution represents two minimal 
skin-preparatory doses, each of suf~cient strength to prepare for a severe hemor. 
rhagic necrosis.  The intravenous dose was 2 cc. per kilo of body weight in most 
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intravenous injections 24 hours later, namely, neutralization of the 
reaction and non-neutralization.  Out of a  total of 316  tests,  there 
were 135 neutralizations by sera in various dilutions and 181  failures 
to  neutralize.  This  brings  out  the  fact  that  neutralization  of  B. 
typhosus skin-preparatory factors by specific sera can be induced at 
will in a large proportion of experimental rabbits (about 42.5 percent). 
Varying the site of the injection was without influence on the result. 
After establishing  definitely the  fact  that  neutralization  of skin- 
preparatory factors by specific sera is possible it appeared desirable 
to  analyze  the  results  further  in  order  to  determine whether the 
phenomenon could be advantageously used for titrating the neutraliz- 
ing power of specific sera.  The data obtained with a given immune 
serum in a large number of rabbits were examined more closely.  As 
is seen from Table I, in six rabbits receiving ft. typhosus horse serum 
complete neutralization  was  obtained  in  dilution  of  1:200,  in  one 
rabbit in dilution 1:20, while in two rabbits there was no neutraliza- 
tion.  When analysis of the sort is practiced in connection with the 
other sera it becomes evident that there is a definite variation in the 
response of different rabbits to the skin-preparatory effect of serum- 
filtrate mixtures and that the rabbits showing these varying responses 
can  be  classified  under  three  groups,  namely,  those  which  yield 
completely neutralized reactions with the highest dilutions  (HN) of 
serum/those which give rise to completely neutralized reactions only 
with sera in lower dilutions (LN) and those which show non-neutral- 
ized reactions (BIN). 
Possibly some non-neutralizable fraction of the culture filtrate to 
which certain rabbits are particularly susceptible may account for the 
occurrence  of  non-neutralization.  Furthermore,  it  appears  from 
Table  I  that  the potency of a  given  serum bears  a  mathematical 
ratio to the reactions obtained in the three groups of rabbits.  Thus 
if complete neutralization is obtained, for example, in dilution 1:2000 
in HN rabbits, namely, in those showing the highest titer of neutrali- 
zation, the titer in LN rabbits is likely to be 1:200.  In the cases in 
In a preliminary report (3) recently published, HN, LN and NN were called 
CN, PN and NN  respectively.  It is now felt that the nomenclature here sug- 
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which the HN is 1: 200 the LN titer is only likely to be  1: 20.  More- 
over, the relative numbers of HN, LN and NN rabbits also varies. 
As control to the foregoing the effects of a  number of normal sera 
were  studied: 
B. Effect of Normal Sera  upon  the Factors  Determining  Local 
Skin Reactivity. 
Normal sera from horses, goats and rabbits failed to neutralize the 
skin-preparatory  factors  in  a  large  percentage  of  rabbits.  It  is  of 
considerable interest, however, that some of the normal animals whose 
TABLE  II. 
Sem tltrated 
Normal horse serum 
Normal  Rabbit 
Serum 353 
Normal  Rabbit 
Serum 355 
Normal  Rabbit 
Serum 336 
.~ormal Goat Serum 
166 
Total number 
of rabbits 
17 
8 
Number showing complete neutralization; 
and the dilutions of the sera 
1:200  1:20  1:2 
Number ~how- 
i~g no 
neutralization 
17 
8 
5 
3 
6 
In addition there were several other normal sera not included in this table which 
were tested in 2-3 rabbits, with no neutralization obtained. 
In all of these rabbits there was a positive reaction in the control area. 
serum  failed to  neutralize  the  skin-preparatory  factors  were  subse- 
quently injected with B. typkosus culture filtrate and responded with 
the production of neutralizing sera of high titer. 
Table II shows, furthermore,  that  one normal  serum was able to 
neutralize  the skin-preparatory  factors in low dilutions.  It is seen, 
however,  that  this  normal  serum  contained  a  fairly  high  titer  of 
agglutinins  against 13. typttosus  (Table IV).  Furthermore, those sera 
which failed to neutralize  the skin-preparatory  factors contained no 
agglutinins or precipitins.  Again,  some sera which contained agglu- 
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TABLE  III. 
The Effect  of Heterologous Sera  upon the B. typhosus  Skin-Preparatory  Faxtors. 
Sera titrated 
Paratyphosus  A rabbit serum 
Paratyphosus  B rabbit serum 
B. coli  rabbit serum 
~higa bacillus horse serum 
Flexner  bacillus  rabbit 
serum 
~t.  Desert  bacillus rabbit 
~erum 
~. addda rabbit serum 
3carlet fever antitoxin 
Number showing complete neutraliza- 
Total number I  tion; and the dilutions  of the scra 
d  rabbits  . 
1:200  1:20  1:2 
8 
8 
10 
10 
10 
! 
2 
3 
1  2 
1 
Number show- 
ing no 
neutralization 
3 
4 
10 
10 
10 
In all of these rabbits there was a positive reaction in the control area. 
TABLE  IV. 
Agglutination of B. typhosus by Various Sera. 
Sets tested 
Se~  44~ ......................... 
Serum 59 .......................... 
Serum 78 .......................... 
Serum 90 .......................... 
Goat typhoid serum ................. 
Paratyphosus A rabbit serum ......... 
Paratyphosus B  rabbit serum ......... 
B. coli rabbit serum ................. 
Shiga horse serum ................... 
Flexner rabbit serum ................ 
Mt. Desert rabbit serum ............. 
Aviclda rabbit serum ................ 
NRS  336 .......................... 
NGS  156 ......................... 
NRS  353  .......................... 
NRS  355 ......................... 
Normal horse serum ................. 
Degree of agglutination with various dilutions of sera 
and a constant amount of ,B. typlmsu$ suspension 
FiiiJfl l 
"  ,Z  ,2;  ,Z  ,Z  ~  '"  ~  ,U  ,U  ': 
t+{4+[4+{4+14+[4+14+[4+  [ 4+  [4+  [  -- 
L+ 4+  4+14+14+14+14+14+  14+  NT  I NT 
L+L4+ 4+14+14+14+~+13+i  3+  ~TT I N'r 
L+14+14+14+/4+~+14+14+14+  I 4+  I  - 
~+14+14+[4+14+13+12+lX+[  -  I  -/- 
~+ 4+ 4+14+14+13+12+11+1  -  I  -  I  - 
~+14+14+14+14+14+12+/-I  -  I  -I  -  -r  -/- 
~+14+14+[3+12+|-/-/-I  -  I  -  /  - 
~+t4+14+12+11+|-|-I  -I  -  I  -  I  - 
L+14+14+14+/3+|-/-I  -{  -  [  -  /  - 
,..+1.4+14+~+1.4+14+14+/4+14+  I~"r/~'r 
3+14+1,~+14+14+14+14+14+1  NT  1 NT  I N'r 
--  --4+  +4+  +  +2+  --  --  -- 
~+14+/4+14+/-/-/-/-/  -I  -/- 
--,  negative. 
Degree of agglutination recorded in pluses. GREGORY  SHWARTZMAN  599 
All  these  facts  indicate  that  normal  sera  contain  no  neutralizing 
antibodies  against  the  skin-preparatory  factors unless  they also  con- 
tain  agglutinins  against  B.  typhosus.  Conversely,  however,  the 
presence  of agglutinins  does  not necessarily  indicate  that  the  serum 
possesses neutralizing antibodies against the skin-preparatory  factors. 
TABLE  V. 
Precipitation of Various Sera by B. typhosus Culture Filtrate. 
Sent  tested 
1:2 
Typhoid horse serum ................  4-} 
Serum 446 .........................  4+ 
Serum 59 ..........................  2+ 
Serum 78 ..........................  4+ 
Serum 90 ..........................  4+ 
Goat typhoid 165 serum .............  24- 
Paratypkosus A rabbit serum .........  44- 
Paratyphosus B rabbit serum .........  44- 
Cdi rabbit serum ...................  -- 
Shiga horse serum ................... 
Flexner rabbit serum ...............  34- 
Mt. Desert rabbit serum ............  zk 
Asicida rabbit serum ............... 
NRS 336 ......................... 
Normal Goat Serum 166 ............  24- 
NRS 353 ......................... 
NItS  355 ......................... 
Normal  horse serum ................ 
Degree of precipitation with various dilutions of sent 
and a constant amount of Tr. filtrate (undiluted) 
1:16  1:32 
34-  24- 
3+  34- 
14- 
34-  2+ 
2+  1+ 
4+  4+ I 
14-  - 
14-  ± 
1:64 
t4- 
24- 
3+ 
1:4  1:8 
4-{-  34- 
4-[-  4-[- 
2+  14- 
4+  4+ 
4+  4+ 
2+~  1+ 
4+  4+ 
4+  2+ 
t+ 
2+  1+ 
-4-  -- 
i+  i+ 
1:128  1:256  1:512 
2+  1+  - 
2+  1+  - 
C.  Effect of Heterologous  Sera upon the Factors Determining Local Skin 
Reactivity. 
A  number of heterologous sera were also employed for neutralization 
experiments  (Tables  III  and  IV).  Only sera  strongly agglutinating 
their homologous strains were used in this part of the work. 
Scarlet  fever,  erysipelas,  B.  coli,  Shiga  bacillus,  Flexner  bacillus, 
Mt.  Desert bacillus  and  B. avicida sera produce no neutralization  of 
the ]3. typhosus  skin-preparatory  factors  (Table  III),  in  spite  of the 
fact that  some of the  sera  contained  agglutinins  against  B. typhosus 
(Table  IV).  The  closely  allied  sera  (Para  A  and  B)  were  able  to 600  B.  TYPHOSUS  TOXIC  SUBSTANCES.  II 
neutralize the/~, typhosus  skin-preparatory factors in various propor- 
tions and, as would be expected, agglutinated B. typhosus in a  fairly 
high titer.  The rabbits  employed in these experiments can also be 
divided  into  three  groups,  namely,  those  showing  neutralization  in 
highest dilutions (HN), those showing complete neutralization only in 
lower dilutions (LN) and those showing no neutralization (NN). 
The question arises whether the t3. typhosus skin-preparatory factors 
are the  same  as those of Para  A  and  B, or are only closely related. 
This problem cannot as yet be decided. 
The following scheme is tentatively proposed for the preparation of 
toxic filtrate and the titration of serum: 
200 cc. of tryptic digest broth (2) of initial pH 7.8 are poured to a "2000 cc." 
Erlenmeyer  flask in order to obtain a large surface area.  The entire growth of one 
24 hour old agar slant culture of B. typhosus (TL)  s is suspended in about 10 cc. of 
salt solution and the emulsion is added to the contents of the Erienmeyer flask. 
The period of incubation is 6 days.  The culture is then filtered through paper and 
cotton and, finally,  through  a  Berkefeld V  candle.  The filtrate is  tested for 
sterility, stored in the refrigerator and used for a period of 2-3 weeks following its 
preparation.  No preservative is added. 
For neutralization experiments 0.25 cc. of a  mixture of equal parts of filtrate 
and saline,  or of serum  4 already diluted to the desired degree,  is injected into 
various areas of the skin of the rabbit's abdomen, by means of the technique 
described on page 594.  The interval between the skin and intravenous injections 
should be exactly 24 hours.  This is very important (i) to obtain uniform results. 
Both the size and intensity of the reactions should be recorded.  A variation in 
the size of the reaction within small limits can be disregarded.  The intensity of the 
reaction is an important and reliable indication of the degree of neutralization. 
It may be recorded in pluses.  Occasionally, discolored punctiform reactions are 
obtained.  They should be protocolled as such.  There should be obtained not 
less than ten rabbits showing control positive reactions with  the mixture of the 
filtrate with salt solution. 
The following schematic formula has been found useful in recording the varying 
factors obtained in a  typical serum titration: HN62000, LN4200, LN~20, NN2. 
a The strain of B. typhosus employed in this laboratory is designated TL. 
The majority of the sera were prepared by injecting filtrates into rabbits and 
goats.  Some sera were obtained by injecting dead and live microorganisms,  for 
example typhoid horse serum and some heterologous sera employed in experiments 
described before.  It  seems  that  the  presence of intact bacterial cells  in  the 
antigens injected is  not  essential  for  the  production  of the  above described 
antibodies, since  sera of even higher  titer were obtained by means of filtrates 
alone.  Additional experiments are necessary. GREGORY SHWARTZMAN  601 
This indicates that 6 rabbits showed complete neutralization with serum diluted 
1:2000, 4 rabbits showed complete neutralization with serum diluted  1:200, 1 
rabbit with serum diluted  1:20 and 2 rabbits  showed no neutralization.  For 
practical purposes the highest dilution of the serum which gives complete neutrali- 
zation of the B. typt~sus skin-preparatory factors (I-IN titer) should  be taken as 
the actual titer of the serum.  In the example cited, 1:2000 would be considered 
the titer. 
SUMMARY  AND CONCLUSlONS. 
It is shown in this paper that homologous immune sera are able to 
neutralize the B. typhosus skin-preparatory factors.  The neutraliza- 
tion experiments were performed on a large number of rabbits, at least 
ten rabbits which showed positive control reactions being used for the 
titration of each serum.  The rabbits into which the mixtures of B. 
typhosus  culture  filtrates  with  immune  sera  were  injected  can  be 
divided into the following categories: those showing complete neutrali- 
zation in highest dilutions (HN), those showing complete neutraliza- 
tion only in lower dilutions (LN) and those showing no neutralization 
(NN).  The results indicate that the potency of a  given serum as 
measured by the method outlined above has a  direct relation to the 
reactions obtained in t~hese groups of rabbits.  For practical purposes 
the highest dilution of the serum which gives complete neutralization 
of the B. typhosus skin-preparatory factors (HN titer) may be taken as 
the actual titer of the serum as expressed in terms of their  neutraliza- 
tion. 
The occurrence of a phenomenon suggestive of the prozone reaction 
is demonstrated.  It also appears that the filtrates possess an anti- 
genicity equal to that of dead and live bacteria. 
The studies on normal sera bring out the fact that normal sera fail 
to neutralize the B. typhosus skin-preparatory factors unless agglu- 
tinins  can be demonstrated for B. typhosus.  No normal sera have 
thus far been obtained which neutralized the skin-preparatory factors 
yet contained no B. typhosus agglutinins, but there were sera which 
contained these agglutinins but failed to neutralize the skin-prepara- 
tory  factors.  Some  of  the  normal  animals  whose  sera  failed  to 
neutralize  the  skin-preparatory factors  were  subsequently  injected 
with B. typhosus culture filtrate and responded with neutralizing sera 
of high titer. 602  B.  TYPHOSUS  TOXIC  SUBSTANCES.  II 
Several  heterologous sera were  also  investigated namely,  scarlet 
fever, erysipelas, Shiga bacillus, Flexner bacillus, Mt. Desert bacillus, 
B.  coli  and  /~.  avicida.  These  did  not  neutralize  the  B.  typhosus 
skin-preparatory factors. 
Paratyphosus A and B  sera on the other hand produced neutraliza- 
tion in various proportions.  And the rabbits into which the serum- 
filtrate mixtures were injected could also be divided according to the 
results obtained into the same three groups as those with B. typhosus 
sera.  It  is  not  known yet whether this  neutralization  is  a  group 
reaction or whether the skin-preparatory factors are  identical with 
those of B. typhosus. 
It would appear from these studies that a  method is available for 
the quantitative titration of substances in the serum which neutralize 
the  skin-preparatory factors of local skin  reactivity to  /3.  typhosus 
culture filtrates.  It should be emphasized that it is possible to control 
the  individual  susceptibility  of  rabbits  to  this  phenomenon.  The 
method should permit of considerable accuracy in  the quantitative 
titration of the neutralizing properties of a serum when a standardized 
procedure is developed. 
Experiments are under way to determine whether the method can 
be applied  to  the preparation  of therapeutic sera.  Work is  also in 
progress to determine the effect of specific antisera upon B. typhosus 
skin-reacting factors introduced by the intravenous route. 
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